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วัตถุป ระสงค์ : พืชสมุ น ไพ รไทยตามภูมิ ปั ญญ าท้องถิ่น ที่พ บ ในภาค
ตะวนัออกเฉยีงเหนือถูกน ามาใช้รกัษาบาดแผลทางผวิหนงัและอกัเสบ  งานวจิยันี้
มวีตัถุประสงค์เพื่อศึกษาฤทธิต์้านอนุมูลอิสระและปรมิาณสารประกอบฟีนอลกิ
ทัง้หมด (total phenolic content; TPC) ของสารสกดัจากเปลอืกพชืสมุนไพรไทย
ทัง้หมด 13 ชนิด วิธีการศึกษา: กระท่อมเลอืด (Stephania venosa (Blume) 
Spreng.) เขีย งให ญ่  (Smilax perfoliata Lour.) แคหางค่าง (Dolichandrone 
stipulate) ตานาใหญ่ (Glochidion coccineum) นมสาว (Xantolis cambodiana) 
ประดงขาว (Dalbergia cultrata) ประดงแดง (Bauhinia sirindhorniae K.) ประดง
เลอืด (Knema angustifolia) ประดงเหลอืง (Tristaniopsis burmanica) มะเดือ่หนิ 
(Ficus hirta Vahl) แส้ม้าทลาย (Capparis zeylanica) ไส้ตัน (Amphineurion 
marginata (Roxb.) G. Don.)  และหางนกกะลงิ (Microsorum pteropus (Blume) 
Copel.) โดยน าสมุนไพรไทยทีส่กดัดว้ยน ้าตามภมูปัิญญาทอ้งถิน่ทดสอบฤทธิต์า้น
อนุมลูอสิระดว้ยวธิ ี1,1-diphenyl-1-princylhydrazyl (DPPH) radical scavenging 
assay, ferric-reducing antioxidant power (FRAP) assay และ 2,2′-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS) assay ที่ค่าความยาวคลื่น 517, 
593 และ 734 นาโนเมตร ตามล าดบั และทดสอบปรมิาณ TPC ด้วยวธิ ีFolin-
Ciocalteu method ทดสอบความสมัพนัธร์ะหว่างฤทธิต์า้นอนุมลูอสิระแตล่ะวธิกีบั 
TPC ดว้ย Pearson’s correlation coefficient (r) ผลการศึกษา: พบว่าพชืแต่ละ
ชนิดมีฤทธิต์้านอนุมูลอิสระและปริมาณ  ฟีนอลิกต่างกัน โดยกระท่อมเลือด 
นมสาว ประดงแดง ประดงเลอืด และแส้ม้าทลาย มฤีทธิต์้านอนุมูลอิสระสูงสุด 
(ร้อยละ 70 – 100) ในการทดสอบทัง้ 3 วธิ ีและมปีรมิาณฟีนอลกิในปรมิาณสูง 
(38,113 - 59,989 mg GAE/g)  และพบว่าฤทธิต์้านอนุมูลอิสระ (ABTS และ 
FRAP) กบั TPC สมัพนัธ์อย่างมนีัยส าคญั โดยค่า r เท่ากบั 0.987 และ 0.956 





ค าส าคญั: พชืสมุนไพรไทย, ฤทธิต์า้นอนุมลูอสิระ, ปรมิาณฟีนอลกิทัง้หมด 
 
Abstract 
Objectives: In accordance with traditional local wisdom, medicinal plants 
from north-eastern Thailand are used for the treatment of dermatitis-related 
inflammations. This study aimed to investigate the antioxidant activity and 
total phenolic content (TPC) of the bark of thirteen medicinal plants. 
Methods: The study plants included Stephania venosa (Blume) Spreng, 
Smilax perfoliata Lour., Dolichandrone stipulata, Glochidion coccineum,  
Xantolis cambodiana, Dalbergia cultrata, Bauhinia sirindhorniae K., Knema 
angustifolia, Tristaniopsis burmanica, Ficus hirta Vahl, Capparis zeylanica, 
Amphineurion marginata (Roxb.) G. Don. and Microsorum pteropus (Blume) 
Copel. The antioxidant properties were determined by means of three 
approaches namely 1,1-diphenyl-1-princylhydrazyl (DPPH) radical 
scavenging assay at 517 nm, ferric-reducing antioxidant power (FRAP) 
assay at 593 nm and 2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid  
(ABTS) assay at 734 nm. The TPC of the plants was determined via the 
Folin-Ciocalteu method. The correlation between each of the antioxidant 
activity value with TPC was tested using the Pearson’s correlation 
coefficient (r). Results: The antioxidant properties and TPC differed 
significantly among the plants.  In each of the methods, S. venosa (Blume) 
Spreng., X. cambodiana, B. sirindhorniae, K. angustifolia and C. zeylanica 
consistently exhibited the most potent antioxidant property ranging from 
70% to 100%. This further suggested their potential rich source of natural 
antioxidants. Coincidentally, these plants contained the highest TPC 
(38,113 - 9,989 mg GAE/g). Significant positive correlations were found 
between antioxidant activity (ABTS·+ and FRAP assays) and the TPC with 
r = 0.987 and 0.956, respectively. Conclusion: Thirteen medicinal plants 
contained antioxidant activity which was related to the phenolic content. 
The active ingredients and other biological activities of these herbal plants 
merit further investigations. 
Keywords: Thai medicinal plants, antioxidant activity, total phenolic content 
 
Introduction 
     Medicinal plants, used by both ancient and modern 
cultures, are much valued for their therapeutic properties, 
which may play a pivotal role in health care. Demand for 
medicinal plants is increasing because of their ready 
availability, relatively cheaper cost and non-toxic nature, in 
contrast to many comparable aspects of modern medicine.1-3 
There is a growing global interest in the exploration of the 
relatively untapped reservoir of the apparently benign 
properties of these plants. These plants contained various 
compounds considered phytochemical agents with 
antioxidant properties. Such antioxidants are known to 
protect somatic cells against the damaging effects of reactive 
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oxygen species, by a virtue of their anti-inflammatory and 
anti-microbial activity. Reactive oxygen species (ROS), also 
called free radicals, are active oxygen-containing molecules 
generated during metabolic and other activities within 
biological systems. Various forms of activated oxygen 
molecules exist as free radicals, such as superoxide ions 
(O2-) and hydroxyl radicals (OH-) as well as non-free radical 
species such as hydrogen peroxide (H2O2).4-6  Antioxidants 
interfere with these natural biological oxidative processes by 
scavenging free radicals, chelating free catalytic metals, and 
acting as electron donors.1 In addition, compounds found in 
medicinal plants such as flavonoids, phenolic acids, 
stilbenes, tannins, coumarins, lignans and lignins which are 
commonly rich in phenolic substances are known to act by 
means of their free radical scavenging activities, or by 
inhibiting pro-inflammatory enzymes such as cyclooxygenase 
(COX) and lipoxygenases (LOX) in the inflammatory 
cascade.3,6-11 Plant-derived antioxidants can therefore 
potentially assist in protecting the body from various 
diseases by inhibiting the action of free radicals.2,12  
     It has been proposed that an imbalance in the relative 
concentrations of free radicals and antioxidants in the body 
may potentially contribute to pathological processes including 
ageing, various cancers, coronary disorders, atherosclerosis, 
and inflammation.2,4,5 Several studies have investigated the 
potentially beneficial effects from the consumption of various 
herbs, vegetables, and fruits containing antioxidants.6-9 Ipek 
et al. (2012) demonstrated that the natural wound healing 
processes of the body may be assisted by antioxidants 
which are components of the polyphenolic constituents of 
these plants.4 However, as the quantities of antioxidants 
generated via natural metabolic mechanisms may be 
insufficient to effectively counter certain pathological 
conditions, enhanced dietary intake of antioxidant-containing 
compounds is considered desirable. Such considerations 
have stimulated much interest in the therapeutic effects of 
several medicinal plants and their potential roles in the 
provision of antioxidant-containing phytochemicals.2,10,11  
     Traditionally, these plant resources have been used 
widely throughout Thailand, especially in the north-east, 
owing to their multifarious characteristics and natural 
abundance. Accordingly, this present study aimed to 
investigate the antioxidant activities and polyphenolic 
constituents of the following thirteen medicinal plants namely 
Stephania venosa (Blume) Spreng., Smilax perfoliata Lour., 
Dolichandrone stipulata, Glochidion coccineum,  Xantolis 
cambodiana, Dalbergia cultrata, Bauhinia sirindhorniae K., 
Knema angustifolia, Tristaniopsis burmanica, Ficus hirta Vahl, 
Capparis zeylanica, Amphineurion marginata (Roxb.) G. Don. 
and Microsorum pteropus (Blume) Copel. These specific 
plants were provided by a local wisdom authority named Mr. 
Somya Rattanapolthee, ensuring relevance and alignment, 
for study purposes, with the traditional wisdom of the north-
eastern Thailand.  
     Apart from the abovementioned studies, relatively few 
reports exist within the relevant literature regarding the 
antioxidant activity and total phenolic content (TPC) of these 
medicinal plants. It was therefore considered desirable, with 
respect to the pharmaceutical, medical and health food 
industries, to investigate these readily accessible sources of 
natural antioxidants for their potential therapeutic benefits. 
The present study investigated the antioxidant activity of the 
thirteen plant extracts, as determined by application and 
comparison of three different approaches, specifically DPPH, 
FRAP and ABTS assays. We also determined the TPC of 
these plant extracts by using Folin-Ciocateu test. Possible 
correlations between antioxidant activity and TPC of these 




This experimental research was conducted to evaluate the 
antioxidant activities of thirteen Thai medicinal plants by 
means of the following assays specifically 1,1-diphenyl-1-
princylhydrazyl (DPPH) radical scavenging at 517 nm, ferric-
reducing antioxidant power (FRAP) assay at 593 nm, and 
2,2′-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid  (ABTS) 
assay at 734 nm. The total phenolic content (TPC) was 
determined by using Folin-Ciocalteu test.  
 
Reagents  
All chemicals were purchased from Sigma-Aldrich 
(Germany). All reagents were of analytical grade and all 
absorbance values for determining antioxidant activity and 
TPC were investigated using a UV-visible spectrophotometer 
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Procedures for plant material preparations and 
extractions  
Thirteen Thai medicinal plants were collected from the 
Dongsaithong Learning Center, Tungfon district, Udon Thani 
province, Thailand. All plants were selected with the advice 
and assistance of an authority on local wisdom (Mr. Somya 
Rattanapolthee), who has used them as therapeutic agents for 
dermatitis-related inflammations, as shown in Table 1. The 
identities of all plants used in this study were elucidated by the 
Applied Taxonomic Research Center (ATRC), Department of 
Science, Khon Kaen University. Prior to conducting antioxidant 
and TPC evaluations, all plant materials were washed with 
water and dried at 50 – 60 °C for three days, then ground to a 
fine powder with a blender (Yason, China). Each sample was 
boiled in water in the ratio of plant to water of 1:15 w/v, and 
shaken for 2 hours. The extraction process was repeated 
three times. After boiling, the mixture was cooled at room 
temperature and centrifuged at 3,000 rpm for 15 minutes. The 
supernatant of the extract was filtered using No. 2 Whatman 
filter paper and concentrated using a rotary evaporator with 
the hot water bath set at 40 °C. The yield of each extract was 
calculated as a percentage of dry weight of the bark used and 
the quantity of dry mass obtained after extraction. The dried 
extracts were stored at -20 °C prior to analysis. 
 
Determination of antioxidant activity  
Determination of the free radical scavenging 
activity by 1,1-Diphenyl-2-picrylhydrazyl (DPPH) assay  
In order to determine the DPPH radical-scavenging 
activity, based on the modified method of Cakmak et al.,13 100 
µL of each sample (0.003 - 0.01 g/mL) was added to a 
solution of 2.9 mL of 100 µM DPPH in methanol and mixed 
well. After incubating for 30 minutes, the absorbance of the 
sample was determined at 517 nm relative to a control. The 
radical scavenging activity was measured as a decrease in 
absorbance of DPPH. The % inhibition was calculated as 
follows:  
 % Inhibition    =  (Acontrol- Asample) / Acontrol  
where Asample and Acontrol are the respective absorbances of 
DPPH in the resultant reaction mixture, i.e., test sample, and 
control. Ascorbic acid (AA) was used as a reference standard 
(Y = -0.0009x + 0.9783), R2 = 0.9981. The results were 
represented as AAE (ascorbic acid equivalent / gm of dry 
mass).  
Determination of the free radical scavenging activity 
by 2,2’-azino-bis(3-ethylbenthiazoline-6-sulfonic acid 
(ABTS) assay 
An ABTS assay was conducted according to the method 
of Liu et al. (2001) with minor modifications.14 The colorless 
ABTS molecule is converted into ABTS·+, a blue-green 
colored radical, by the loss of one electron (oxidation). 
ABTS·+exhibits maximal absorption at wavelengths 645 nm, 
734 nm and 815 nm.14 A 1500 µL solution of the ABTS·+ 
cation radical was prepared by mixing 7 mM of the ABTS 
reagent and 2.45 mM potassium persulfate in equal 
volumes, equilibrating the mixture for 16 hours and diluting 
with ethanol. The plant extract (100 µL) was mixed with 2.9 
mL of the ABTS·+ solution. The mixture was incubated for 2 
hr in the absence of light. The absorbance value was then 
recorded at 734 nm using the UV-visible spectrophotometer. 
Ascorbic acid (AA) was used as a reference standard (Y = -
0.0009x + 0.7057, R2 = 0.9984) and results were expressed 
as ascorbic acid equivalent/g dry mass (AAE). The 
percentage of scavenging activity in the test samples was 
calculated as per the DPPH procedure described above.   
  
Determination of the Reducing Power by Ferric-
Reducing Antioxidant Power (FRAP) Assay 
The modified ferric ion reducing antioxidant activity of the 
extracts was measured according to Cai et al. (2004).2    At 
a low pH, when a ferric-tripyridyltriazine (FIII-TPTZ) complex 
is reduced to the ferrous (FeII) form, an intense blue color 
with a maximal absorption at 593 nm develops.2 100 µL of 
plant extract and freshly prepared FeSO4 standard solution 
was mixed with 2.9 mL of the working FRAP reagent. The 
fresh working solution was prepared by mixing 25 mL 
acetate buffer with 2.5 mL TPTZ solution and 2.5 mL 
FeSO4·7H2O solution, and warmed at 37 ºC. The 
absorbance reading at 593 nm was taken after 10 minutes at 
37 ºC.  Ferrous sulfate (FeSO4) was used as a reference 
standard (Y = -0.001x + 0.0462), R2 = 0.9997. Half minimal 
inhibitory concentration (IC50) was conventionally 
determined in terms of dose dependency; however in 
practice no dose dependency was found in this case.  The 
percentage inhibition was thus calculated as formally stated 
below:   
% I = [(AO – AS) / AO] x 100  
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where Ao is the absorption of control and As is the 
absorption of the test extract solution. 
 
Determination of the Total Phenolic Content (TPC)  
The total phenolic content was determined by means of 
the modified Folin-Ciocalteu colorimetric method.15 Phenols 
react with phosphomolybdic acid in Folin-Ciocalteu reagent in 
an alkaline medium, producing a blue colored complex 
(molybdenum blue) that can be estimated colorimetrically at 
650 nm. A solution of 7.3 mL distilled water and 200 µL of 
Folin-Ciocalteu reagent was added to 500 µL of each plant 
extract. The mixture was allowed to equilibrate at room 
temperature for 10 min before adding 600 µL of 10% sodium 
carbonate to the mixture. The resulting blue complex was then 
measured at 755 nm. Gallic acid was used as a reference 
standard for the calibration curve (Y = 0.0009x - 0.0168), R2 = 
0.9992). The TPC was expressed as gallic acid equivalent 
mg/g dry mass (GAE).   
 
Data analysis  
Data were presented as mean  standard deviation (SD) 
of each triplicate. Duncan’s test was applied to determine any 
significant differences on each measure among the thirteen 
selected plants. One-way ANOVA was used to test for 
significant differences of each measure between the three 
methods employed. Correlations between antioxidant activity 
and TPC were examined using Pearson’s correlation 
coefficient (r). Values obtained at P-value < 0.05 were 




Extraction yields  
Thai medicinal plants used for therapeutic purposes, as 
shown in Table 1, were selected with the advice of an 
authority on local wisdom (Mr. Somya Rattanapolthee). The 
yields of these plant extracts were in a range of 3.33% to 
41.49% (Table 1). Of these, Bauhinia sirindhorniae K. 
produced the highest yield (41.49%), followed by Stephania 
venosa (Blume) Spreng. (17.57%), Ficus hirta Vahl (14.38%) 




Antioxidant activity  
With respect to the DPPH assay, the antioxidant 
capacities of the medicinal plants ranged from 251.41 to 
987.88 µmol AAE/g dry mass (Table 2). Stephania venosa 
(Blume) Spreng. possessed the highest antioxidant capacity 
(987.88 ± 5.41 µmol AAE/g dry mass), followed by Knema 
angustifolia, Dalbergia cultrata, Bauhinia sirindhorniae K., 
Glochidion coccineum and Amphineurion marginata (Roxb.) 
G. Don., with the antioxidant capacities of 950.58 ± 9.64, 
940.94 ± 15.15, 921.02 ± 12.23, 902.12 ± 18.20 and 893.62 
± 54.24 µmol AAE/g dry mass, respectively (Figure 1A).  
  
Table 1  List of the plants used in the study. 





17.57 Used against topical skin 
problems e.g. wounds, 
itching, or abscess 
Bark 
Smilax perfoliata Lour. 
(Smilacaceae) 
 




Dolichandrone stipulata  
(Bignoniaceae) 
3.33 Treatment of skin disorders 
such as ringworm, eczema 
Bark 
Glochidion coccineum  
(Euphorbiaceae) 
5.24 Wound healing for fresh, 





10.94 Anti-inflammatory, relieving 





11.05 Taken as tonic, promotes 
the flow of blood, externally 
for skin swelling, sores, and 
insect bite 
Bark 
Bauhinia sirindhorniae K. 
(Leguminosae-
Caesalpiniaceae) 
41.49 Taken as tonic, promotes 
the flow of blood, externally 
for skin swelling, sores, and 
insect bite 
Bark 
Knema angustifolia  
(Myristicaceae) 
12.76 Taken as tonic, promotes 
the flow of blood, externally 
for skin swelling, sores, and 
insect bite 
Bark 
Tristaniopsis burmanica  
(Myrtaceae) 
10.54 Taken as tonic, promotes 
the flow of blood, externally 
for skin swelling, sores, and 
skin burns 
Bark 
Ficus hirta Vahl 
(Moraceae) 
14.38 Treatment for skin disorders 




7.79 Anti-inflammatory, relieving 





10.87 Used against topical skin 
problems e.g. wounds, 
itching, or abscess 
Bark 
Microsorum 
pteropus (Blume) Copel.  
(Polypodiaceae) 
9.80 For infected skin/urticaria or 
skin burns, itching, or 
abscesses 
Bark 
  a on dried weight basis.  
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     Relatively high DPPH radical scavenging activities were 
found in Stephania venosa (Blume) Spreng., Knema 
angustifolia, Dalbergia cultrata, Bauhinia sirindhorniae, 
Glochidion coccineum and Amphineurion marginata (Roxb.) 
G. Don. with inhibitions of 88.76%, 85.52%, 84.68%, 
82.95%, 81.30% and 80.56%, respectively (Table 2). The 
plant extracts showing weaker inhibition of the DPPH·+ 
radical were Tristaniopsis burmanica (44.82%) and 
Microsorum pteropus (Blume) Copel. (48.86%).  
For the ABTS assay, the antioxidant capacities of the 
medicinal plants ranged from 52.95 to 744.91 µmol AAE/g 
dry mass (Table 2 and Figure 1A). Bauhinia sirindhorniae K. 
possessed the highest antioxidant capacity (744.91 ± 20.83 
µmol AAE/g dry mass), followed by Stephania venosa 
(Blume) Spreng., Xantolis cambodiana, Knema angustifolia 
and Capparis micracantha with the antioxidant capacities of 
732.18 ± 17.92, 720.07 ± 26.54, 697.11 ± 30.12 and 568.33 
± 33.32 µmol AAE/g dry mass, respectively.  
Relatively high ABTS·+ radical scavenging activities were 
also found in Bauhinia sirindhorniae, Stephania venosa 
(Blume) Spreng, Xantolis cambodiana, Knema 
angustifolia and Capparis micracantha with inhibitions of 
94.13%, 92.57%, 91.08%, 88.25% and 72.40%, respectively. 
Plant extracts typified by relatively weaker inhibition of the 
ABTS·+ radicals were Ficus hirta Vahl (8.96%) and 
Microsorum pteropus (Blume) Copel. (19.75%) (Figure 1B).  
The reducing capacity of water extracts of the medicinal 
plants was determined by FRAP assay, with the highest 
value being obtained from Bauhinia sirindhorniae K. (912.69 
± 86.05 µmol FeSO4·7H2O/g dry mass), followed by 
Stephania venosa (Blume) Spreng., Xantolis cambodiana, 
Knema angustifolia, and Capparis micracantha with values of 
790.02 ± 98.64, 720.07 ± 26.54, 697.11 ± 30.12 and 673.58 
± 21.15 µmol FeSO4·7H2O/g dry mass, respectively (Table 2 
and Figure 1C). The lowest result was given by Ficus hirta 
Vahl (77.58 ± 12.54 µmol FeSO4·7H2O/g dry mass).   
Overall, the study plants could be conveniently 
partitioned into three groups. The first group referred to 
those functioning as good antioxidant sources which 
included Stephania venosa (Blume) Spreng., Xantolis 
cambodiana, Bauhinia sirindhorniae, Knema angustifolia and 
Capparis micracantha, all of which gave high values in all 
three antioxidant tests. The second group was those with 
relatively weak antioxidant sources, with low values obtained 
from all tests. These plants were Smilax perfoliata Lour., 
Ficus hirta Vahl, Amphineurion marginata (Roxb.) G. Don and 
Microsorum pteropus (Blume) Copel. The last group included 
plants with antioxidant sources with high or at least 
moderate values in only one or two tests (Dolichandrone 
stipulate, Glochidion coccineum, Dalbergia cultrata and 
Tristaniopsis burmanica), as shown in Figure 1.  
 
Total phenolic content (TPC)  
The TPC, determined by the Folin-Ciocalteu method, 
was highest in the water extract of Bauhinia sirindhorniae K 
(59,989.39 ± 1,011.46 mg GAE/g dry mass). Other plants 
with high TPC were Knema angustifolia, Xantolis 
cambodiana and Stephania venosa (Blume) Spreng with the 
TPC values of 56,459.02 ± 5,117.76, 55,143.10 ± 3,907.09 
and 52,546.61 ± 2,916.55 mg GAE/g dry mass, respectively 
(Table 2 and Figure 1D).   
 
Correlations between antioxidant activity and TPC 
The antioxidant activities based on the FRAP and ABTS 
assays were significantly highly correlated with TPC with the 
correlation coefficients ranging from 0.956 to 0.987. The 
highest correlation was found between ABTS and TPC   (r = 
0.987, P < 0.001), followed by FRAP and TPC (r = 0.956, P 
< 0.001). However, no significance was found between 
DPPH and TPC (r = 0.431, P > 0.05) (Table 3). 
 
 
Discussions and Conclusion  
 
In this in vitro study, three methods namely DPPH, ABTS 
and FRAP assays were used to investigate antioxidant 
activity. The findings of our study could be reasonably 
reliable since multiple methods are more accurate predictors 
of antioxidant activity. These three methods required the use 
of spectrophotometer, a relatively common apparatus in 
most laboratories. Proceeding from the antioxidant activity, 
the free radical scavenging capacity of a number of Thai 
medicinal plant extracts was determined using the ABTS and 
DPPH decolorization assay.1 The ABTS assay uses ABTS 
radicals produced by the oxidation of ABTS with potassium 
persulphate. Thus, this assay becomes time-consuming 
since it takes about 12 – 16 hours to generate ABTS 
radicals. On the other hand, for the DPPH assay, one does 
not have to wait for the free radicals to be  
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Table 2 Antioxidant activity of water extracts of Thai 
medicinal plants as determined by the DPPH, ABTS and FRAP 
assays and the phenolic compound content determined by 
































































































































































































































Figure 1 Antioxidant activity determined by A) DPPH assay, B) 
ABTS assay, and C) FRAP assay, and D) TPC determined by 
Folin-Ciocalteu method. Note: Stephania venosa (Blume) 
Spreng.(1), Smilax perfoliata Lour. (2),  Dolichandrone stipulata 
(3), Glochidion coccineum (4), Xantolis cambodiana (5), Dalbergia 
cultrata (6), Bauhinia sirindhorniae K. (7), Knema angustifolia  (8), 
Tristaniopsis burmanica (9), Ficus hirta Vahl (10), Capparis 
zeylanica (11), Amphineurion marginata (Roxb.) G. Don. (12), 
Microsorum pteropus (Blume) Copel. (13). Different letters above 
the bars indicate significant difference at P < 0.05 (Duncan’s 
test).  
 
Table 3  Pearson’s correlation coefficients (r) of antioxidant 
activity and total phenolic compound content.   
Method FRAP assay ABTS assay TPC 
DPPH assay 0.455 0.477 0.431 
FRAP assay  0.979* 0.956* 
ABTS assay   0.987* 
 * P < 0.05 
  
generated.1,6,16 For FRAP assay, this method is based on 
the reduction, at a low pH, of a colorless ferric complex 
(FeIII-TPTZ) to a blue colored ferrous complex (FeII-TPTZ) by 
electron-donating antioxidants.11  
Another advantage of the ABTS and FRAP approaches 
was the fact that the plant extracts reacted rapidly with 
ABTS (within 2 hr) and ferric ion (within 30 min). In contrast, 
the DPPH reaction took much longer (up to 24 hr). Working 
solutions of the DPPH and FRAP were used immediately 
after preparation; while that of ABTS had to be kept in the 
dark condition for 12 hr, to generate free radicals from the 
ABTS salt, then used within 4 hr.2,17-19 
In the ABTS test, variability among the samples was 
distinctly greater than that of the other two, the value 
ไทยเภสชัศาสตรแ์ละวทิยาการสขุภาพ ปี 12 ฉบับ 1, มค. – มคี. 2560 16 Thai Pharm Health Sci J Vol. 12 No. 1, Jan. – Mar. 2017 
obtained from Bauhinia sirindhorniae K. being over twelve 
times higher than that from Ficus hirta Vahl. The different 
water extraction values obtained from the assays may reflect 
differences in the relative abilities of the antioxidant fractions 
within the sample extracts to quench aqueous peroxyl 
radicals, and to reduce ABTS·+, DPPH free radicals and 
ferric irons in the in vitro systems. Although the interaction of 
medicinal plants and assays was significant in terms of the 
water extraction values, it explained only a small amount of 
the total variation as compared to one onther.8,11,19  
The in vitro antioxidant activities of water extracts of 
thirteen selected Thai medicinal plants were investigated by 
DPPH, ABTS and FRAP assays. While the highest average 
antioxidant activity was observed by the DPPH method, all 
samples showed moderate antioxidant activity by the FRAP 
and ABTS methods. Overall, the selected medicinal plants 
could be partitioned into three groups. The first group were 
those with good antioxidant sources including Stephania 
venosa (Blume) Spreng., Xantolis cambodiana, Bauhinia 
sirindhorniae, Knema angustifolia and Capparis micracantha . 
This first group of plant extracts gave high values of all 
antioxidant tests (DPPH, ABTS and FRAP). The second 
group of plant extracts included those having weak 
antioxidant sources, with low values obtained from all tests 
(Ficus hirta Vahl and Microsorum pteropus (Blume) Copel.). 
The last group consisted of two plant extracts, Amphineurion 
marginata (Roxb.) G. Don. and Tristaniopsis burmanica, 
which had variable antioxidant capacities, with high or at 
least moderate values in only one or two tests. Although 
these thirteen plants generally possess antioxidant activity, 
scant information is currently available regarding their in vivo 
and ex vivo antioxidant behaviors, together with their 
possible toxicity.  
The study confirms that results obtained from applying 
three distinct procedural methods to each sample can differ 
significantly. Such differences may be due to the presence of 
varieties of antioxidants within the samples, each reacting 
uniquely with the introduced radicals. Every method has its 
own advantage and limitations in terms of cost, availability of 
chemical reagents, procedural routines, preparation time, 
reproducibility, and so on.11 In this present study, DPPH was 
found to be the most suitable method for determination of 
antioxidant activity of 13 Thai medicinal plants because it 
could be rapidly performed with a high reproducibility. In the 
DPPH method, the radicals did not have to be generated 
before the assay. On the other hand, the need to generate 
the radicals before the procedure was an advantage of the 
ABTS method. In contrast, the sole disadvantage of the 
FRAP method was that it was time-consuming for reagent 
preparation.2,17-20 An attempt was made in this study to 
compare the different antioxidant assays. However, before 
selecting any particular assay, it is therefore important to 
weigh carefully the advantages and limitations of each 
method in order to discern the most appropriate choice for 
specific experimental purposes.  
The antioxidant activity of plant extracts is generally 
associated with their phenolic compound content. Plant 
phenols constitute the major group of compounds acting as 
primary antioxidants.11,15,17,18 Measurements of TPC in these 
extracts may relate to their antioxidant properties, as 
reported by Jimenez et al. (2001).21 Phenolics are also 
known to play an important role in stabilizing lipids against 
peroxidation and inhibiting various types of oxidizing 
enzymes,15,21 This phenomenon could be tentatively 
attributed to the different structures of these radicals and 
especially to their differing charges. Specifically, the DPPH 
molecule has no charge and the ABTS·+ radical is a cation. 
This may engender different reaction mechanisms both for 
the active compounds within medicinal plants and for 
standard antioxidants. As reported by Cai et al (2004), the 
presence of different categories of phenolics resulted in 
differences in radical scavenging activity.2 For example, the 
activity of phenolic acids apparently depends upon the 
number and position of hydroxyl (-OH) groups and the 
methoxy (-OCH3) substituent for the inhibition of lipid 
peroxidation at an earlier stage.12  
In this study, no significant correlation was found 
between the antioxidant activity by the DPPH assay and the 
TPC. This result was similar to that of Hajimahmoodi et al 
(2009) where there was a positive correlation between the 
TPC and antioxidant capacity as measured by the FRAP, but 
not that measured by the DPPH assays.16 Both the FRAP 
assay and Folin-Ciocalteu method were operated on the 
basis of metallic reduction. Therefore phenolic compounds 
were major contributors to the antioxidant capacities of cell 
mass extracts and the extracellular water fractions for the 
FRAP and Folin-Ciocalteu assays. In the DPPH assay, 
radical scavenging activity was evaluated and possibly 
another functional component would be effective. I t should 
be noted that other antioxidant compounds, in the form of 
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carotenoids, polyunsaturated fatty acids and 
polysaccharides, may also play an important role. 22,23  
In conclusion, the results from these in vitro experiments 
suggest that certain plants showed promise as sources of 
natural antioxidants. Antioxidant properties and TPC differed 
significantly within the collection of thirteen plant extracts 
studied. Of these, Stephania venosa (Blume) Spreng., 
Xantolis cambodiana, Bauhinia sirindhorniae K., Knema 
angustifolia and Capparis zeylanica exhibited very strong 
antioxidant properties and high TPC levels. As a significant 
correlation was found between antioxidant activity and TPC, 
this suggests that phenolic compounds are major 
contributors to the antioxidant properties of the plant 
extracts. Clearly additional work is required to isolate and 
characterize the antioxidative components and biological 
activities of these active plant extracts. 
 
Acknowledgements  
     The authors wish to express their sincere appreciation 
for the financial support provided by the Research and 
Development Institute, Udon Thani Rajabhat University. We 
are very grateful to Mr. Somya Rattanapolthee, who assisted 
with the collection of all plant samples. We also would like to 
thank Ms. Rujira Prempree and Ms. Wanarin Sanon for their 
assistance throughout the project. We are grateful to Mr. Ian 
Riach (Australia) for manuscript preparation consultation. 
 
References 
1. Liu QL, Sato S, Kishikawa T,Matsuzaki H, Yamanaka N. Effectiveness 
of a traditional Chinese medicine, Wulingsan, in suppressing the 
development of nephrocalcinosis induced by a high phosphorus diet in 
young rats. Med Electron Microsc 2001;34(2):103-114. 
2. Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic 
compounds of 112 traditional Chinese medicinal plants associated with 
anticancer. Life Sci 2004;74(17):2157-2184. 
3. Govindarajan R, Vijayakumar M, Pushpangadan P. Antioxidant 
approach to disease management and the role of 'Rasayana' herbs of 
Ayurveda. J Ethnopharmacol 2005;99(2):165-178.  
4. Ipek S, Esra KA, Lutfun N, Satyajit DS. Wound healing and antioxidant 
properties: do they coexist in plants? Free Radicals and Antioxidants 
2012:2(4):1-7. 
5. Korkina LG. Phenylpropanoids as naturally occurring antioxidants: from 
plant defense to human health. Cell Mol Biol (Noisy-le-grand) 
2007;53(1):15-25. 
6. Kinoshita S, Inoue Y, Nakama S, Ichiba T, Aniya Y.Antioxidant and 
hepatoprotective actions of medicinal herb, Terminalia catappa L. from 
Okinawa Island and its tannin corilagin. Phytomedicine 
2007;14(11):755-762. 
7. Gorinstein S, Jastrzebski Z, Namiesnik J, Leontowicz H, Leontowicz M, 
Trakhtenberg S. The atherosclerotic heart disease and protecting 
properties of garlic: contemporary data. Mol Nutr Food Res 
2007;51(11):1365-1381.  
8. He CY, Fu J, Ma JY, Feng R, Tan XS, Huang M, Shou JW, Zhao ZX, 
Li XY. Biotransformation and in vitro metabolic profile of bioactive 
extracts from a traditional Miao-nationality herbal medicine, Polygonum 
capitatum. Molecules 2014;19(7):10291-10308.  
9. Jugran AK, Bahukhandi A, Dhyani P, Bhatt ID, Rawal RS, Nandi SK. 
Impact of Altitudes and Habitats on Valerenic Acid, Total Phenolics, 
Flavonoids, Tannins, and Antioxidant Activity of Valeriana jatamansi. 
Appl Biochem Biotechnol 2016;179(6):911-926. 
10. Ouattara LP, Sanon S,Mahiou-Leddet V,Gansane A,Baghdikian 
B,Traore A,Nebie I,Traore AS, et al. In vitro antiplasmodial activity of 
some medicinal plants of Burkina Faso. Parasitol Res 2014;113(1):405-
416. 
11. Poojan S, Modi HA. Comparative study of DPPH, ABTS and FRAP 
assays for determination of antioxidant activity. IJRASET 
2015;3(10):636-641.  
12. Cakmak YS, Aktumsek A, Duran A. Studies on antioxidant activity, 
volatile compound and fatty acid composition of different parts of 
Glycyrrhiza echinata L. EXCLI J 2012;11:178-187. 
13. Rana S, Rawat K, Mahendru M, Padwad Y, Pakade YB, Lal B, 
Bhushan S. Screening of bioconstituents and in vitro cytotoxicity of 
Clematis gouriana leaves. Nat Prod Res 2015;29(23):2242-2246.  
14. Liu CY, Lin YC, Deng JS, Liao JC, Peng WH, Huang GJ.Antioxidant, 
anti-inflammatory, and antiproliferative activities of Taxillus 
sutchuenensis. Am J Chin Med 2012;40(2):335-348.  
15. Adedapo AA, Jimoh FO, Afolayan AJ, Masika PJ. Antioxidant activities 
and phenolic contents of the methanol extracts of the stems of 
Acokanthera oppositifolia and Adenia gummifera. BMC Complement 
Altern Med 2008;8:54-62. 
16. Hajimahmoodi M, Mohammadi N, Soltani N. Evaluation of antioxidant 
properties and total phenolic contents of some strains of microalgae.  
J Appl Phycol 2010;22(1):43–50. 
17. Kolodziejczyk-Czepas J, Bijak M, Saluk J, Ponczek MB, Zbikowska 
HM, Nowak P, Tsirigotis-Maniecka M, Pawlaczyk I. Radical scavenging 
and antioxidant effects of Matricaria chamomilla polyphenolic-
polysaccharide conjugates. Int J Biol Macromol 2015;72:1152-1158.  
18. Raju GS, Moghal MR, Dewan SM, Amin MN, Billah M. 
Characterization of phytoconstituents and evaluation of total phenolic 
content, anthelmintic, and antimicrobial activities of Solanum violaceum 
Ortega. Avicenna J Phytomed 2013;3(4):313-320. 
19. Rahman MM, Habib MR, Hasan MA, Amin M, Saha A, Mannan A. 
Comparative assessment on in vitro antioxidant activities of ethanol 
ไทยเภสชัศาสตรแ์ละวทิยาการสขุภาพ ปี 12 ฉบับ 1, มค. – มคี. 2560 18 Thai Pharm Health Sci J Vol. 12 No. 1, Jan. – Mar. 2017 
extracts of Averrhoa bilimbi, Gymnema sylvestre and Capsicum 
frutescens. Pharmacognosy Res 2014;6(1):36-41.  
20. Suganthy N, Devi KP. In vitro antioxidant and anti-cholinesterase 
activities of Rhizophora mucronata. Pharm Biol  2016;54(1):118-129.  
21. Jimenez-Escrig A, Rincon M, Pulido R, Saura-Calixto F. Guava fruit 
(Psidium guajava L.) as a newsource of antioxidant dietary fiber. J 
Agric  Food Chem 2001;49(3):5489-5493. 
22.    Chen F. High cell density culture of microalgae in heterotrophic 
growth. Trends Biotechnol 1996;14(6):421–426. 
23.    Chen F, Li HB, Wong RS, Ji B, Jiang Y. Isolation and purification of 
the bioactive carotenoid zeaxanthin from the microalga Microcystis 
aeruginosa by high-speed countercurrent chromatography. J 





Manuscript received in original form on December 15, 2016;  
accepted in final form on February 5, 2017 
